American Heart Association recommendations have changed preoperative management of patients with antiplatelet therapy (APT). We assessed safety and outcomes of surgery in patients who were receiving APT. A prospective study of patients operated on while receiving APT was matched with those with no APT (ratio 1:4), using the propensity score method. Logistic regression analysis was used to identify covariates among imbalanced baseline patient variables. Both χ 2 test and Fisher's test were used to calculate the probability value for the comparison of dichotomous variables. Between January 2008 and December 2010, 38 patients who received APT at the time of surgery were matched with 141 patients who had not received APT. APT indications were a history of myocardial infarction, coronary artery by-pass graft and/or valve replacement (19), coronary artery stent (11) and severe peripheral vascular disease (8). None of the patients required re-operation for bleeding. Two patients received blood transfusions. The amount of chest tube drainage was not statistically significantly different. There were no statistically significant differences between the outcomes for the operative time, length of hospital stay, estimated blood loss or morbidity. The results show that thoracic surgical procedures can safely be performed in patients receiving APT at the time of surgery, with no increased risk of bleeding or morbidity and no differences in the operative time and the length of hospital stay.
INTRODUCTION
Advances in anticoagulant and antiplatelet regimens are associated with a significant risk reduction in the occurrence of thrombotic events. However, this risk reduction carries an increased risk of bleeding during and after surgery. Aspirin is the main antiplatelet medication used in patients with coronary artery disease, but there is growing evidence that the use of the more potent antiplatelet Clopidogrel, on its own or in combination with aspirin, has superior outcomes in both chronic and acute settings. Clopidogrel and Ticlopidine are thienopyridines. They are prodrugs that are metabolized in the liver into active metabolites that are non-competitive antagonists of the platelet adenosine diphosphate receptor, P2Y12. Clopidogrel is an acetate derivative of Ticlopidine, which has several advantages, including more rapid onset of action, more potent antiplatelet effect and lower incidence of severe neutropenia and thrombotic thrombocytopenic purpura. The antiplatelet effect of Clopidogrel is time and dose dependent. A maximal inhibition of platelet aggregation of 50-60% can be achieved with a dose of 75 mg daily (without a loading dose) within 4-7 days, or more rapidly with a loading dose of 300-600 mg within 4-24 h. This level of platelet inhibition caused an increase in the bleeding time of healthy human volunteers. Platelet function recovered completely 7 days after Clopidogrel stoppage in healthy volunteers [1] . The recent recommendation from the American Heart Association's Science Advisory Committee is that patients who have undergone placement of a drug-eluting coronary artery stent should continue to receive dual antiplatelet therapy (APT) for at least 12 months [2] . Dual APT has become the mainstay treatment strategy for the prevention of stent thrombosis. Premature discontinuation of APT markedly increases the risk of stent thrombosis, a catastrophic event that frequently leads to myocardial infarction and/or death. Factors contributing to premature cessation of APT may include drug cost, physician/dentist instructions to patients to discontinue therapy before procedures and inadequate patient education and understanding about the importance of continuing therapy. To eliminate the premature discontinuation of APT, the American Heart Association's Science Advisory Committee has given the innovative recommendations, which have changed the setting of the preoperative management of these patients all over the world [3] . The discontinuation of different types of APT can delay thoracic surgery for at least 6 weeks; in addition, it exposes patients to a higher risk of a perioperative myocardial infarction. Because of these new perspectives in APT, we assess the safety of surgical operation on patients who were receiving APT.
MATERIALS AND METHODS
We report a consecutive series of patients who received APT up to and including the day of thoracic surgery, as well as each day postoperatively, between January 2008 and December 2010. According to the guidelines, individual consent to go on with APT was obtained after open discussion about the risk of therapy discontinuation. These patients were matched 1:4 with patients who were not receiving APT at the time of surgery according to a propensity score as the greedy matching technique (Appendix A).
Statistical analysis
Logistic regression analysis was used to identify covariates among the baseline patient variables that were imbalanced between the two groups from which the model was derived.
Resulting matched patients were analysed for differences in selected intraoperative and postoperative outcomes such as operating time, estimated blood loss, length of hospital stay and 30-day operative morbidity and mortality. Pearson's χ 2 test was used to calculate the probability value for the comparison of dichotomous variables. Fisher's exact test was used when the number in any cell was less than five. Statistical and mathematical models were created and analysed using Wolfram 
RESULTS
From January 2008 to December 2010, 38 patients were receiving APT at the time of thoracic surgery. Logistic regression analysis identified history of myocardial infarction and/or coronary artery by-pass graft (CABG) and/or valve placement, coronary stent and history of peripheral vascular disease as predictors for being on a regimen of APT at the time of surgery. This process matched 141 control patients from our prospective database. Table 1 lists selected preoperative patient characteristics between the two groups. There were no significant differences in age, history of coronary artery disease, presence of a coronary stent and peripheral vascular disease between the two groups. The indications for APT at the time of surgery were as follows: coronary artery stents in 11 (29%) patients, history of coronary artery diseases in 19 (50%) patients and severe peripheral vascular disease in 8 (21%) patients. Table 2 shows the types of thoracic operations performed. Table 3 shows the intraoperative and postoperative outcomes. Nine (24%) of the 38 patients receiving APT were receiving dual APT at the time of surgery. Two (5%) of the 38 patients receiving APT had atrial fibrillation, and blood transfusion was required in an other two (5%) patients. None of the patients who underwent primary thoracotomy required a re-operation for bleeding. The amount of chest tube drainages was not statistically significantly higher in patients receiving APT. Chest tube drainages were removed when the daily amount of drainage was <200 ml without the presence of air leaks. There was no operative death in the antiaggregation group. There were two (1%) postoperative deaths in the control group. Both the patients underwent lobectomy and had a postoperative pneumonia with acute respiratory distress syndrome. There were no statistically significant differences between the outcomes for the 38 patients receiving APT compared with the controls for operative time, length of hospital stay, estimated blood loss or morbidity when stratified by the procedure.
DISCUSSION
Cardiovascular diseases are the most common disease in the general population and APT is increasingly used; thus, thoracic operation may be needed in patients with APT. On the other hand, bleeding after thoracic surgery operations is a wellknown issue, mainly after major surgical operations. Clopidogrel and aspirin affect platelet inhibition through different mechanisms; Clopidogrel acts by inhibiting adenosine diphosphate-dependent platelet activation and aspirin acts by inhibiting thromboxane-dependent platelet activation [4] . In current daily practice, concerns on perioperative bleeding still lead to premature discontinuation of APT preoperatively. However, despite the increased risk of haemorrhage, the transfusion rate after surgery in patients with or without APT was not found to be significantly different in some studies [5] . In contrast, a significant increase in major bleeding and re-operation was seen in patients with acute coronary syndromes requiring CABG with cardiopulmonary bypass, if Clopidogrel was not stopped at least 5 days before the intervention [6] . On the other hand, no significant increase in bleeding was described despite continuation of APT in patients with acute coronary syndrome and off-pump bypass surgery [7] . Perioperative bleeding risk is related to the type of surgery. Minor surgical interventions, as well as angiographic diagnostic procedures or diagnostic endoscopies, can be performed under full APT if no additional bleeding risks exist while a haemorrhagic risk with dual APT is reported in trans-bronchial surgery [8] . In patients on dual APT undergoing any type of urgent surgery, stopping APT will not reduce platelet inhibition in a timely manner and multidisciplinary preparations for potential haemorrhagic complications should be undertaken. When aspirin is used for primary prevention, cardiovascular events had not been reported by discontinuation of aspirin 5-7 before any type of surgery [9] ; when aspirin is needed for secondary prevention data from meta-analysis on discontinuation or non-adherence to aspirin therapy indicated an increased risk of cardiovascular events [10] . So, except for intracranial surgery and transurethral prostatectomy, aspirin should not be discontinued. Only when major bleeding complications are to be expected, discontinuation of APT 5-7 days before operation should be evaluated on a case-by-case basis [11] . Cardiac surgery is the field where Clopidogrel has extensively been studied [12] . There are few studies reporting on the use of Clopidogrel in addition to aspirin; a recent review of cardiac surgical procedures concluded Clopidogrel added to aspirin increased the risk of bleeding with no increase in mortality [13] .
In the field of general thoracic surgery, only one paper by Cerfolio [14] reported the use of Clopidogrel, showing that many types of general thoracic surgical procedures can safely be performed in patients who are receiving Clopidogrel and aspirin without increased risk of bleeding after primary thoracotomy or minimally invasive thoracic surgery although in the preoperative evaluation he did not obtain a thromboelastogram to evaluate platelets function. Patients with thoracic diseases were sometimes not able to undergo surgical operation because of the widely documented risk of stopping these medicines prematurely [15] , because of the assumption that surgery could not be safely performed on patients who were receiving Clopidogrel and aspirin. This treatment strategy, while the standard of care in many institutions, actually provides a non-optimal care for the patients.
Despite the paucity of literature to support the feasibility of this approach, we were conscious of cardiac surgeons who operated on patients taking APT either urgently or unknowingly with good results. In our limited and initial experience, we have shown that general thoracic surgery can be performed safely in patients who are receiving APT and who also underwent a major operation. There was no increased risk of bleeding in patients who were receiving both Clopidogrel and aspirin. There were not statistically significant differences in the amount of drainage and in the timing of chest tube removal between the two groups.
Our study has some limitations like those reported by Cerfolio [14] . Being a single centre study, the number of patients is relatively small. The propensity scores have confidence in the ability of matching from the population of potential controls. The small number of events is also a limitation of the current study. Multivariate analysis could not be performed because of this small number.
Even if further studies are needed, thoracic surgical procedures can safely be performed in patients who are receiving APT at the time of surgery. There is no increased risk of bleeding or morbidity, and there are no differences in the operative time and length of hospital stay. In conclusion, until more evidence is available, APT during surgery should be continued unless there is an absolute contraindication. In our opinion, therefore, in patients who are receiving APT at the time of surgery having packed red blood cells and platelets ready is safer than having an acute vascular or cardiac event.
